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Introduction

The project was authorized for operation in October 1969. Two
students namely Mr. David C. Mosby (Senior) and Mr. James Marshall
(Junior) were appointed as research assistants to this project. Another
senior student Miss Mary L. Anderson was also attached later on to
this project. When a structure is subjected to Random Vibration,many
reversals of loadings are likely to be introduced and this may cause
fatigue failure in the structure. For studying this fatigue damage, .
it is necessary to study the variation of strain at the critical sec-
tion of the structure. Hence first step was taken to investigate
the possible hysteresis loop of strain at a critical section and re-

sponse of a structural system.

Procurement of minor equipments:

A portable Strain Indicator, Strain gage application kit, a tool
box and a storage cabinet for the laboratory were procured under this

grant,



Research conducted by the Student assistants:

Miss Mary L. Anderson was given opportunity to acquire experience
of fixing strain gages in different directions on a steel plate. She
practised by fixing many strain gages and carried out experiments on
them. A copy of her investigative paper entitled ''Measurement of
Strain under Reversal of Loadings'' which was carried out under this
research is enclosed for reference. She has now graduated from the
college in January 1970. Mr. David C. Mosby is making theoretical study
on '"The Application of Matrix in Structural Dynamics.''* So far, he has
learnt to invert a matrix. The computer facility of IBM 1401 now avail-
able at Prairie View was fully utilised by him. Mr. James Marshall
studied the response of a single-degree-freedom system and was also

running computer program in IBM 1401,

Research conducted by the Principal Investigator:

The possibility of making use of the Analog Computer SD 3300
which is now available at Prairie View, for studying vibration pro-
blems under this project was investigated. [t is now proposed to
utflise this facility later on if this research can be extended for
another year.

Theoretical study was made regarding the variations of deflec-
tion maximum strain in a rectangular section of a column. The re-
lation between the extreme fibre strain ex, which is a function of
ﬁhe variable x, and the response (deflection) y is given by the
equation: ¢
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where d is the depth of cross section of the column and x is the variable re-
presenting the height of the column. |If the deflection y is assumed to be

small relative to the height of the column the above equation can be simpli-

fied to the one given below:
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Considering a cantilever column fixed at A as shown in figure 1, the maximum

deflection will occur at top when a side load P is applied.
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Figure 1

When the load is increased, the maximum strain increases at section A, while




the section B does not experience any strain since no bending moment is in-
duced at that section.

in Figure 1, the non-linear deformation has extended from A to F. The
distribution of bending moment along the column remains linear even after
non-linear deformation is started. The value of bending moment M is maxi-
mum at the section A while it always remains zero at Section B. But the non-
linear characteristics of the maximum strain slowly extends both inside the
section and along the column starting from Section at A. The relation between
the deflection y at the top of the frame and the maxiQO strain e at section
A when the frame is subjected to non-linear strain the first time can be re=-

presented by the following equation:
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where = e/ey,
and GLy is yield strain. ®
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which is a linear relationship. When e is less then e the linear rela-

tionship is given by the equation:
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By utilising the above equation it may be possible to make a reasonable as-
sumption of hysteresis loop between the deflection and the maximum strain at
the critical section. Hence if the time history of the deflection of a sy-
stem subjected to random vibration is obtained, it may be possible to get the
time history of the strain at the critical section. The fatigue damage
factor can be calculated from the time history of the strain and we can
study the safety of the structure.

A two-degree-freedom system as shown in figure 2 was considered for in-
vestigation,
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Two-Degree-Freedom System

Figure 2
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The equations of motion are given below:
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Where C is coefficient of friction,

m is the mass,

Yy is the relative deflection of first story with reference to ground,
Y2 is the relative deflection of second story with reference to
the first story,
Y is the first derivative of vy,
Y is the second derivative of vy,
and 3§) is the ground random vibration.
By adopting the constant-velocity numerical integration method, if the
response y(s) at time station S and y(S-1) at the preceding time

station S-1 have been previously determined, the velocity y(s) at the

time station S is approximately expressed as follows:

J(s) = Ve =T{s-1) 'y'ce)-*‘:‘{'
AT

Where ATV is the time internal choosen and.;(s) is the accelera-

tion.
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The response y(s+l) at the next time station is assumed as follows:

Y(5+1) = 2.Y(8) — Y(S5-1)+ V(). aT%

Incorporating the above two equations in the general equations of

motion the following expanded equations are derived.
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d) is the natural frequency of the system.

These expanded equations are utilised in writing the Computer Programe
for determining the time history of responses of a two-degree-freedom sy-
stem for a random input function. A portion of NS Component of EIl Centro
1940 Earthquake record is taken as the random input function. The degital
Computer |BM 360 now available at College Station is being utilised for this
research. A copy of the computer result obtained so far (as on January 28,
1970) is produced for reference. This program will be slowly expanded for
determining the time history of critical strain and then the fatigque damage
which can occur in the system. After analysing the effect of various pos-
sible improvements to the structural system, the results are proposed to
be submitted for publication. Extension of this research beyond two-degree

freedom systems will also be investigated.
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IFOR ####% TEXAS A41' UNIVERSITY sens A/2¢/70 waxn #ent WATFCR ouum wsxwan
TFOR #aex TEXAS A4M UNIVERSITY *uas w1/728/770 #uns xeu% WATFCR w#us #sns
TFOR #mex TEXAS A+M UNIVERSITY w#wxse LL/7287170 Rxds maew WATFOR wews sxns
5JUB XO1300,TIME=CCl,PAGES=C20 [.KkASIRAJ
e VIBRATIUN PRUBLENM NASA RESEAACH
1 CIMENSION TOLLT)Y » ACCLIC)Y , XObU 17£5) » Y1 (72%) , Y2 (12%)
2 COMMCN C&L,AN.EP,C,NﬁE,YDDlyGWZPAX,LNZF[L,YZNAX,YZP[N,XDE.Yl.Y2,NT
lyyiLcC
3 REAL (542CC) (T(I)4AC(I)gl=1y104)
4 100 FORMAT(4(FEs2,F12.7))
5 DEL = .¢C1
6 I =1
/ NT =1
8 X000 INT) = AC (1)
9 471 F = (I( [+1) - T(I))/ CEL
1C 41 NI = RT + 1
11 F =F - 1.
12 XODDINT) = XDOUINT=1) +((AC(I+1)-AC(I})= (CEL/Z(TCI+L)-TLLI))))
P13 IF {(F- 1) 43, 432, 4} ’
14 43 XDDINT) = ACULI+1)
15 I = 1 +1
16 IF (I-1C4) 47, 4%, 45
17 45 FACICR = .{321125%
la CO 4C NTU =1 4, 721
19 40 XD (T) = FACTCR # XDC (M)
20 THeTA = ,1
21 31 WRLTE (6 4 500) THcTA
¥4 50C FORMAT (18X, *IHETA = 4y F.5)
3 AN=4(5
& 83 OM = 3C.
5 2 NT = 1
26 CC ICl N =1, 725
21 Y1 (N) = ¢
28 101 v2 (N)Y = O
26 & = .G
3z CMIFAX=C.
31 CGMLIMIN=C.
32 YIMAX=C.
33 YINMIN=C.
34 QM2MAX=(CeW
35 CM2MIN=C.
3¢ Y2MAX=C.
37 YZ2MIN=C.
38 GME = THETA » 32,1125
39 YELLC = ( THETA » 32.1725) 7 { CN wa; )
44 WRITE (&, 1000) YELD
41 1C0OC FORMAT(F15.6)
42 YOOl = - XCO (NT)
ﬁg YOU2 = - XCC (NT) - YOOl
™ YL ANT#1) = (YCUL1/2.) & (DL w%2 )
;,5 Y2 (NI +1) = (YULZ/2.) # (Lil =a2)
6 NT = NT +1
47 1 IF ((ABS (YLINT))) - YELL) 2Cy 28, 30
48 20 GML = (CM #22) # YI(NT)
49 R=0.
5uU YOUL = (¢ML® (Y2 (NT) = Y1 (NT)) = {(OMs=AN = DEL & CMlz Y2(NT) )
1/7(1. + CMuAN®DEL) + 2. « D # AN # ((Y1 (NT-1) - YL(NT))/
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ICEL ¢ (Y2(NT) - Y2 (NT-1))/0EL)- XDOD(NT) - CM#AN = [CEL =(2. =
ICM #AN = ( Y2(NT)-Y2(NI-1))/CEL #XDD(NT))/(1le ¢+ OM=AN = CEL))/
1{l. + OV =AN # DEL + (CVM = AN » DEL)/(1. +# CM = AN = [CEL))

51 CALL SMAIN(YDDZ)

52 Y1 (NT+1) = 2« YLI(NT) = YL{(NT-1) + YDD1 # (DEL#%x2)
53 Y2 (NT+41) = 2 ® Y2(NT) - YZ(NT-1) + YDDZs (CEL®#2)
54 NI = NI ¢ 1

55 WRITE(692CC) NToRyYLINT)9CoY2(AT)

56 20C FORMAT(ILS5,4F15.%)

57 IF CANT - 721 ) 1 , 1 5 1C

58 30 IF(YL (NT) - C.) S, 3, 3

59 3 Y L MAX = Y 1 (NT)

60 R=l.

61 GM1 = GME

62 CM1 MAX = QM1 '
63 YOUL = ((M1e (Y2 (NT) — Y1 (NT)) - (OM=AN = DEL » QMla Y2(NT) )

1/(le + CM=ANSDEL) + 2. # CF #» AN » ((Y1 (NT-1) - Y1{NT))/
ICEL + (Y2(NT) = Y2 (NT-1))/DEL)- XLCD(NT) - OM®AN » DEL #(2. #
IOM AN * { YZ2(NT)=-Y2(NT-1))/CEL +XDDI(NT))/ (1. + CMeAN = CEL))/
1{1. + OV AN « CEL + (UM * AN # DEL)/(l. + CM « AN = CEL))

64 CALL SMAIN(YLCDZ)

65 Y1 (NT+1) = 2% YLINT) - YLINT-1) + YDD1 # (CEL%#2)

66 Y2 (NT#1) = 2 s Y2(NT) - Y2{(NT-1) + YDD2s (DEL«x2)

61 NT = NI +}

68 WRITE{E92CC) NTsRyYLINT) Qo Y2(NT)

69 IF ( NT - 721) 4, 4,4 10

G 4 IF (YI(NT) - YLINT-1)) 74 =2, 3

71 i IF ((YLFAX =-Y1(NT))-(2. = YELC)) 5, 9, 9

12 5 QM1 = QM1 MAX - ( Y1 MAX - YL{AT)) = ( CMxas 2)

14 YOUL = (CMls (Y2 (NT) = Y1 (NT)) - (CM=AN = DEL = CMl=® Y2(NT) )

1701« + CM#AN=CEL) + 2. » CM = AN ® ((Y] (NT-1) - YLINT))/
ICEL + (Y2(NT) - Y2 (NT-1))/CEL)- XCO(NT) - CMeAN = CEL =(2. =
10M sAN » ( Y2(WT)-Y2(NT-1))/CEL +XCUINT))/(1. + CMeAN = CEL)}/
1{l1. +« CM #AN = DEL + (CM = AN = DEL)/(1le. + CM = AN = CEL))

75 CALL SMAIN(YDDZ)

16 Y1 (NT+1) = 2% YL(NT) = YL{(NT=1) + YDDL = (CEL#=2)
17 Y2 (ANT+1) = 2 & Y2(NT) = YZ(NT-1) + YDD2# (DEL##2)
76 NT = NT + 1

75 WRITE(652C0C) NT4RyYLINT)},CyY2(NT)

8¢ IF (NT-721) 6, &y 1C

81 6 IF {YL(NT) = YIMAX) 7, 3, 2

82 9 YIMIN = YL(NT)

83 R:—l.

84 EM1 = - QME

85 QML MIN = (N1

8¢ YOU! = (wMl#® (v2 (NT) - Y1 (ANT)) = (OM=AN # DEL % QMl® Y2(NT) )

1761 ¢+ CMsANSDEL) + 2« # 0OM = AN # ((¥Y] (NT-1) - YLINT))/
ICEL + {(YZ2(NT) - Y2 (NT-1))/CEL)- XDULINT) = OM#AN = DEL #(2, =
10M =AY & { Y2UNT)I=Y2UINT-1))/CEL +XOUDINT))/ (1. ¢+ QF=AN = CEL))/
1{le + CM #«AN & CFEL + (CM & AN # DEL)/{1. + CM = AN = LDEL))

87 CALL SMAINtYCLZ2)

8y YI (NT+1) = 2% YLINT) — YLINT-1) # YDD1l « (DEL=e2)
By Y2 (NT+1) = 2 & Y2(NT) - Yc(NT-1) + YDD2# (DEL#»2)
9C NT = KT +1
91 WRITE(64.2CC) NT SRy YI(NT),Q,Y2(NT)
Iz IF (NT- 721) &, &, 1C
92 8 IF { YL(NT) - Yl (NT-1)}) 9, 9, 11
94 1L IF (( YL(NT) - ¥1 MIN) - 2. = YELD)} 13, 13,3
95 137 QML = €M1 MIN - { v1 MIN-YL(NT)) » (OM=s2)
10
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39
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103
104
105
1C6
107

1Cs
109

1106

111}
112
112
114

11¢
116
114
l1le
1149
126
121
12¢
123
124
125
126
127
1238
12+
130
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132
133

134
135
13¢
137
13¢
135
14C
141

142
143

=an
YOul = (w1l (¥2 (NT) = YL (NT)) = (COMeAN & DEL # (Ml® Y2(NT) )
1/7(1e + Uitapdislcil) + Z. # Ci # AN & ({YD (NT-1) ~ YI(NT))/
1ICEL 4+ (YZ(NT) = Y2 (NT=-1))/7C0EL)= XLUA(NT) - CM=2ON & LEL #(2.
1OM ®AN # ( Y2UINT)=YZ2(NT-1))/CEL +#XLU(NT))/(1l. + CMepAN = CEL))/
1{1. + CF& wAN s CEL + (CM « AN = PEL)/(1. + CM = AN = CEL))
CALL LMAINLYDLZ)
YL (NT+1) = 2% YLI{NT) = YL(NT-1) + YOCD1l =& {(CEL=%22)
Y2 (NE+#1) = 2 w Y2ANT) = v o (NT=1) + YuLle (LELww2)
Nl=uf+1
WRITE(EL2CC) NTZReyYLINT)ZCoaYZUINT)
IF ¢ T - 721) 1Cy 1C, 7C
10 IF (YLl (NT) = v1 (NT-1)) 134 11, 11
1S IF(YLUINT)=YLINMINY 9412413
iGC  STJpP
ENUC

SUCRCUTINE SMAINIYCLLZ)
CIMENSICN XDDU72S)4Y1LLT25),v2(1725)
CORMUN CELaANSICYN 9Q o P EZ YLD yE N MAX g uUMZMINJY2ZMAX G Y 2N INGXCCoy Y19 YZyNT
LyYeLLD
IF(L) 211,2C3,2C0°
203 IFCLAESHYZINT)))-YELD) 2C74207,208
ZCT1 QGM2={0Maaz)eY2(NT)

YOu2 = - YLEDL / (l. + CV =oN ® CEL) - (2. = OM & AN = ({Y2(NT)
2=Y2UNT=1))/0EL) +QM2 = Y2UnT) + XDO(NT))/ (1o +CNM #AN = CEL)
GO0 1C 2Cs

205 TFUYZINT)-Y2NFAX) 2144213,215
¢08 ITF{YZINT)-C.) 21292124213
214 TF(LYZMAX=Y2(NT))-(2.2YELD)) 222,212,212
211 IF(Ye{ml)-yeMIN) 2124212,217
cl7 TFLUYZINT)=-YIMIN)I-{2.%YELL)) 22142134213
212 CALL ICPLYLD2)
GO TC 2C5
CALL currICM(YEL2)
G IC 2Cs
221 CALL uwP(YLL2)
CC 1C 2Cs
22z CALL LUCnNLYDLC2)
CG TC 2C5
<GS RETURN
END

N
—
N

SUGRCULTINE OCwNILYDLIZ2)
CIVMENSICN XOTUT725),¥Y1(07258),Y2(125)

Lyvcll

@=-e5

CM2=CM 2NMAXR-(Y2FAX=Y2{(NT)}}1#(Cl==2)

YOUZ2 = - YCCl 7 (1. + CVM s2iv & CEL) = (2. ¢ CM # AN & ((Y2(NT)
2=YZ2(NI=1))/0EL) 402 = Y2{(.T) + XDU(NT))/ (l. +0OM =AN » CEL)
RETLRA

ENU

SULRTULIIKE LUPLYCLZ)

CIDENSION KCCU128) ,¥1{725),¥2(1725)

COMMUIe LoL o ANy UM gQ g uNE g YO L9 QPaNAX y UM2IIINy Y2NAX S Y2MINGXEEyY 1,Y2,4NT
ngtLt

C=.5

CM2=CMeMIN=-(Y2MIN-YZ2INT))#(ClFex2)
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144

12

YCL2 = = YCO1 / (1. + CM #2N ® DEL) = (2. = OV # AN & ((Y2(NT)
2=YINT=1))/0EL) +CNM2 # Y2U(NT) + XDLUNT)I/ (1. +CM =AN = CEL)
145 R T LK
l4¢ ENL
141 SUBRCUTIINE BCTICM(YDL2)
l4g CIMENSICN XDO(§25),Y1(725),Y2(725)
143 COMMCI CEL 9 AN9CF,QyQME,YCC1 4 CNZMAX JCM2ZMING Y2MAX g Y2MINGXCL oY 19 Y24 NT
lyYLC
15¢C C=-1.
151 WRITE(6,4CC) C
152 40C FORMAT (I1CX,F1C.5)
153 CMZ==-(ME
154 C2MIn=CPN2
155 Y2MIN=YZ{NT)
156 YOLZ = - YCOLl / (1. ¢ CM #=4N = DEL) - (2. » OM = AN ® ((Y2(NT)
2-Y2INT-1))/DEL} +CFM2 ® Y2(AT) + XDDINT))/ (1. +CM =AN = DEL)
157 RETURN
15¢ END
159 SUSRCUTINE TCP(YLD2)
160 CIMENSICN X0C(725),Y1(725),Y2(725)
161 COMMCN CEL»ANWCMyQoQME, YOO 1,CM2ZMAX,CM2MIN, Y2MAX, Y2MINSXCD Y19 Y 2y NI
Lyyell
162 QG=1.
163 WRITELE,4CC) Q
164 40C FGRMAT (1CX,F1(.5)
165 QM2=CHME
166 Q2KAX=CN2Z
167 Y2MAX=Y2(NT)
168 YOUZ2 = - YCOl / (1. + CM #an = DEL) - (2. » OF = AN ® ((Y2(NT)
2=YZINT-1))/CEL) QM2 % YZ2(AT) + XDLINT))/ (L. +CM =AN = CEL)
165 RETURN
170 ENL
SCATA
THETA = C.1CcCC - 0
LD = 0.003575 2 5.5 Q \4z£;3
R C.CCCGO -C.CCLC3 0.00000 -0.00000
Lot 7Y 4 c.coccce -C.ClCLlT 0.00060 -0.00000
3 ¢.CCoce -c.coC11 0.00006 -0.00000
& C.CCOCO -G.COC15 0.00000 -0.00C01
7 c.cocco -C.CClzl 0.C00C0 -0.0¢001
€ c.ccocc -0.C0L27 0.00000 -0.00002
9 c.ccoce -C.CCi38 0.0C0G0 -0.0C003
IC C.CcCoCC -C.CC .45 0.00000 -0.0C004
11 C.CCOCO -(.CCLl57 0.00000 -0.00005
12 c.Ccoce -C.0Cu73 0.00000 -0.60C06
13 C.CCLCO ~C.CCl51 0.0000¢ -0.00008
14 c.ccsce -C.CCHIC 0.030603 -0.00011
15 c.cloce -C.C0131 0.000C0T -0.0C014
1¢ c.CCOCO -C.Co152 0.000¢CU -0.00C17
17 c.ccoce -L.C0173 0.C0000 -0.00021
1€ c.cccce -0.00152 0.000GC -0.00025
13 c.cccec -L.CCel2 0.00000 -0.00023
2¢ c.ccocc =CelCi52 0.0C00C -0.0C334
21 C.CCOCC -C.0Ci54 0.000G0 -0.00039
22 c.Ccoco -C.C0z78 0.000C0 -0.00044
23 c.ccoce -C.CC206 0.00000 ~0.00049
24 C.CCGCO -C.0GC236 0.0G0000 -0.00056



